Volatile compounds from seven Salvia species and one interspecific hybrid growing at the Dallas Arboretum and Botanical Garden, Texas, US. Salvia coccinea, S. farinacea, S. greggii, S. leucantha, S. longispicata × farinacea, S. madrensis, S. roemeriana and S. splendens were investigated for their chemical compositions using a microdistillation technique. Volatiles were analyzed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC/MS). One hundred and twenty seven compounds were identified representing 94.3-99.7% of the oils. The major components in each of the seven species were as follows: S. coccinea (Z)-3-hexenal (31%), viridiflorol (19%); S. farinacea 1-octen-3-ol (30%) and (Z)-3-hexenal (23%); S. greggii 1,8-cineole (22%), borneol (17%), camphene (11%) and α-pinene (10%); S. leucantha limonene (35%) and α-pinene (17%); S. longispicata × farinacea 1-octen-3-ol (50%) and (Z)-3-hexenal (24%); S. madrensis (Z)-3-hexenal (53%); S. roemeriana limonene (49%) and α-pinene (20%); and S. splendens (Z)-3-hexenal (36%), 2,5-dimethoxy-p-cymene (19%) and linalool (11%). The microdistillation method was fast, practical and a useful technique that enabled the isolation of the volatiles in samples when only limited quantities were available.
insecticides and also against herbivores by reducing their appetite for the plant [8] . Oils may also attract some insects for dispersion of pollens and seeds or repel other undesirable insects [9] . Diterpenes, the second important chemical class were reported to be the main phenolic components of sage [7] . Carnosol and carnosic acid display high antioxidant activity and are the major phenolic diterpenes present in sage extracts [10] . Some clerodane diterpenoids, particularly salvinorin A found in S. divinorum have attracted interest because of their potent and selective in vitro and in vivo κ-opioid receptor agonist properties [11] .
In our continuing phytochemical research of medicinal and aromatic plants, seven Salvia species and one interspecific hybrid received from the Dallas Arboretum and Botanical Garden were selected for study of their essential oil composition. The Trial Gardens at the Dallas Arboretum and Botanical Garden were created for the purpose of expanding scientific research efforts and providing information to the public. The main focus of the plant testing program is to grow and evaluate many different plants in the Metroplex and North Central Texas climate and development of new plant selections adopted for those conditions [12] . Ornamental Salvia cultivars provide an incredible variety of fragrance and are routinely selected for ornamental purposes in the gardens.
They have brilliantly colored flowers and most often scented foliage which attracts beneficial insects and hummingbirds [9] .
In our study, volatiles were obtained from the aerial parts of the eight Salvia taxa by using microdistillation for the first time. Each essential oil was subsequently analyzed using both GC-FID and GC-MS systems in which the individual components were identified according to their relative retention indices and their relative percentages calculated ( Table 1 ). The main components of each species are listed below:
S. coccinea P.J. Buchoz (Texas sage, scarlet sage, tropical sage, blood sage) yielded 42 components representing 96.8% of the total oil. The main components were (Z)-3-hexenal (31.3%) and viridiflorol (18.8%). Onayade et al. [13] previously investigated the essential oil of S. coccinea using classical hydrodistillation of samples collected from Nigeria over three consecutive years. Analysis found acenaphthene (18%), trans-hex-2-enal (11%) and globulol (11%) in 1987; globulol (65%) and aromadendrene (11%) in 1988; and 2,5-dimethoxy-p-cymene (29%) and globulol (16.5%) in 1989 as the main components. This difference could be due to distillation variation or the ecological and climatic characteristics of the localities from where the samples were taken. Previous phytochemical research on S. coccinea reported the presence of a new pentacyclic triterpene [14] , a new neoclerodane diterpenoid [15] and two dimalonated anthocyanins from the flowers [16] .
S. farinacea Benth. (mealy sage, mealycup sage) yielded 33 constituents, representing 99.1% of the oil, with 1-octen-3-ol (30.1%) and (Z)-3-hexenal (23.3%) determined as the major compounds. The composition of the essential oil of this species has not been investigated previously. Earlier papers report the isolation of flavonoids from the leaves [17] , a neo-clerodane diterpenoid [18] and triterpenoids from the aerial parts [19] , and anthocyanins from the flowers [20] .
S. greggii A. Gray (autumn sage, cherry sage) yielded 70 components representing 98.7% of the oil. The main constituents were 1,8-cineole (22.1%), borneol (16.8%), camphene (11.0%) and α-pinene (9.9%). The chemical composition of the essential oil of S. greggii was studied by De Martino et al. and cis-thujone (43.4%), δ-cadinene (14.0%) and geranyl acetate (8.7%) were reported as main compounds [20] . In this study, S. greggii oil was obtained from plants cultivated in the garden of the Improsta Experimental Station at Eboli, (Salerno), Italy [20] . The chemical composition can be affected by genetic factors, climate, soil and cultivation conditions. One new diterpenoid, salvigresin, and four new diterpenoid glucosides were isolated from aerial parts of S. greggii [21, 22] .
S. leucantha Cav. (Mexican bush sage) yielded 43 compounds representing 94.6% of the oil with limonene (34.6%), α-pinene (16.7%), and caryophyllene oxide (8%) as main constituents. The chemical composition of essential oils from aerial parts of S. leucantha have been studied and found to be rich in bornyl acetate and sesquiterpene hydrocarbons [23, 24] suggesting that environmental factors may strongly influence the chemical composition. One new diterpenoid along with four known diterpenoids [25] [26] [27] and a new triterpene [28] were isolated from aerial parts of S. leucantha.
Benth. yielded 22 components representing 95.4 % of the oil. The primary component was 1-octen-3-ol (50.1%), followed by (Z)-3-hexenal (24.0%). As far as we know, this is the first phytochemical report on this interspecific hybrid.
S. madrensis Seem. (forsythia sage) yielded, as its main constituents, (Z)-3-hexenal (52.7%) and 6-methyl-5hepten-2-one (7.8%). GC-MS analysis characterized 34 constituents representing 95.4% of the oil. Rodriguez-Hahn et al. reported three neo-clerodane diterpenoids from the aerial parts of S. madrensis [29] . There were no literature reports about the essential oil of this species S. roemeriana Scheele (cedar sage) yielded 65 compounds making up 99.7% of the total oil. Limonene (48.9%) and -pinene (20.1%) were the major constituents. Carnosic acid and carnosol were found as the two major phenolic diterpenes in the methanol leaf extract [10] . There was no report on the essential oil composition of S. roemeriana. S. splendens Sellow (scarlet sage, tropical sage) yielded 27 compounds representing 94.3% of the oil. The oil was characterized by (Z)-3-hexenal (35.9%), 2,5dimethoxy-p-cymene (19.0%) and linalool (10.7%). Recently, four new clerodane diterpenoids [30] and dimalonated anthocyanins [16] were reported from flowers of S. splendens.
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Caryophylla-2(12),6-dien-5β-ol (=Caryophyllenol II) Plant volatiles affect various arthropods in unique ways acting either as attractives, repellents, or toxicants [31] .
There is a continued need to develop new insecticides to supplement the synthetic insecticides for control of a wide variety of insect-vectored diseases. This study provided useful insights into the chemical composition of several Salvia taxa for future research on insecticidal activity.
In this study, the microdistillation technique provided an alternative for obtaining essential oils from small amounts of plant materials.
Ozek et al. reported that the chemical composition of S. rosifolia essential oil obtained through the microdistillation technique possessed a similar composition, but with quantitative differences, to that of the hydrodistilled essential oil [32] . In summary, the microdistillation technique was an efficient and practical method that can be used to Volatiles from ornamental Salvia species Natural Product Communications Vol. 5 (9) 2010 1425 obtain suitable amounts of material for analysis in a short time frame and with less expense.
Experimental
Plant material: Aerial parts of Salvia species were collected from the Dallas Arboretum and Botanical Garden, Dallas, Texas, where voucher specimens were deposited.
Isolation of volatiles:
Volatiles were obtained by microdistillation of the dried, ground plant materials (500-750 mg) using an Eppendorf MicroDistiller® with 10 mL distilled water per sample vial. The sample vial was heated to 108°C at a rate of 20°C/min and kept at this temperature for 90 min, then heated to 112°C at a rate of 20°C/min and kept at this temperature for 30 min. The sample was subjected to a final post-run for 2 min under the same conditions. The collecting vial, containing a solution of NaCl (2.5 g) and water (0.5 mL) plus n-hexane (350 µL) to trap volatile components, was cooled to -5°C during distillation.
After distillation was completed, the organic layer in the collection vial was separated and analyzed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS), simultaneously.
GC/FID and GC/MS conditions:
Salvia volatiles were analyzed by capillary GC and GC/MS using an Agilent GC/MSD system. The same column and analysis conditions were used for both GC and GC/MS.
The GC/MS analysis was carried out with an Agilent 5975 GC/MSD system. An Innowax FSC column (60 m x 0.25 mm, 0.25 μm film thickness) was used with helium as carrier gas (0.8 mL/min). The GC oven temperature was kept at 60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept constant at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/min. The injector temperature was set at 250°C. MS were recorded at 70 eV. Mass range was from m/z 35 to 450.
GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300°C. To obtain the same elution order with GC/MS, simultaneous auto-injection was done on a duplicate of the same column, applying the same operational conditions. Relative percentages of the separated compounds were calculated from FID chromatograms. Identification of the essential oil components was carried out by comparison of their relative retention times with those of authentic samples or by comparison of their relative retention index (RRI) to a series of nalkanes. Computer matching against commercial (Wiley GC/MS Library, Adams Library, MassFinder 3 Library) [33, 34] , and in-house "Başer Library of Essential Oil Constituents" built up from genuine compounds and components of known oils, as well as MS literature data [35] [36] [37] , was used for identification.
